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AlkalinityAbstract Shaq El-Thoaban industrial cluster, East Cairo [the largest marble and granite industrial
agglomeration in Egypt as well as the fourth world ranked marble and granite industrial zone] poses
the most imminent hazard to the surrounding environment and the neighboring residential commu-
nities due to the huge amounts of waste resulted during the processing of the marble and granite.
The objective of the current study was to link Shaq El-Thoaban industrial area-as a marble (carbon-
ate) waste source – to the cement industries in its neighborhood. Three cement factories are located
within 2–10 km far from Shaq El-Thoaban area, an advantage economically companies are appeal-
ing. Consequently, the current study investigated the characteristics of the marble powder waste
generated during the processing at Shaq El-Thoaban area and its feasibility as an addition to the
OPC produced at the near cement companies. Determining the physico–chemical and mechanical
properties of the marble waste on the cement properties proved that 5 wt.% could be, safely, added
to the cement without adverse effects on the cement properties. Addition of such modest to the
cement (or replacing part of the used gypsum in the cement manufacture) could be a real energy
and financial saving concept, besides, saving part of the natural resources and alleviating the envi-
ronmental impact imposed by the marble processing waste.
Production and hosting by Elsevier B.V. on behalf of Housing and Building National Research Center.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).Introduction
During the last decades, the marble and granite industry in
Egypt has significantly grown. Shaq El-Thoaban area, East
Cairo, is the largest marble and granite industrial cluster in
Egypt and the fourth world-industrial zone. Large quantities
of marble and granite sludge are generated as byproductsand its
Fig. 1 Cutting marble blocks at Shaq El-Thoaban industrial
area, Cairo, Egypt.
Fig. 2 Collecting marble sludge after drying at Shaq El-Thoaban
industrial area.
Fig. 3 Collecting the marble processing wastes in the rear area of
a processing plant at Shaq El-Thoaban.
Fig. 4 Disposal of the marble sludge in a neighboring desert area
near Shaq El-Thoaban industrial zone.
2 H.A. El-Sayed et al.during the cutting and polishing processes of the blocks, Figs 1
and 2. As the waste is not discarded properly, this practice
imposes tangible effects on the ecosystem (i.e. the physical,
chemical and biological components of the environment) as
well as imposing pollution threats to the neighboring residen-
tial communities Figs 3 and 4. This situation is challenging and
should be successfully resolved.
Accordingly, a research plan has been designed by the
authors to characterize the marble processing powder wastesPlease cite this article in press as: H.A. El-Sayed et al., Characteristics of the marb
suitability for cement manufacture, HBRC Journal (2016), http://dx.doi.org/10.101and evaluating their feasibility for incorporation as alternative
raw material in some building material industries, particularly
in its neighborhood, in other words, linking Shaq El-Thoaban
industrial area – as a waste source – to the appropriate indus-
tries, particularly in its vicinity.
As shown in Fig 5, the major industries that, prospectively,
could take advantage of the collected marble and granite waste
from Shaq El-Thoaban industrial area are as follows:
– Cement industry.
– Iron and Steel industry.
– Paints industry.
– Clay bricks industry.
It is evident that, these industries are located within
2–10 km from Shaq El-Thoaban area. Accordingly, the waste
does not have to be transported for a long distance to any of
the industries in the area, an advantage which is economically
appealing.
The first Part of the research plan is devoted to character-
istic of the marble powder waste generated at Shaq
El-Thoaban industrial area and its feasibility as an addition
to the Ordinary Portland cement produced at the cement
companies in its neighborhood.
Experimental
Materials and mixes
The marble powder waste used in this investigation is the
sludge residual from the marble cutting process at Shaq
El-Thoaban. The cement used is Ordinary Portland cement,
grade 42.5 obtained from the ‘‘National Cement Company”
at El-Tebbin, Helwan, Cairo.
Various marble powder waste mixes were prepared using
OPC and various proposed ratios of marble waste in order
to determine the optimum marble ratio to be used with cement.
The water to binder ratio was varied (starting from 0.24)
according to the used binder content. The paste was made –
firstly – by hand mixing the raw materials (Passing sieve
75 lm) for 10 min and then further mixing was carried out
for 5 min in a mixer. The mix with the optimum marble pow-
der waste ratio was compared with the control (OPC).le processing powder waste at Shaq El-Thoaban industrial area, Egypt, and its
6/j.hbrcj.2016.06.002
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Fig. 5 Location of Shaq El-Thoaban marble and granite industrial area relative to building material industries in its neighborhood.
Characteristics of the marble processing powder waste and its suitability 3After mix preparation, the marble waste mixes were cast
into one inch cubic molds, vibrated for compaction and sealed
with a lid to minimize any loss of evaporable water. The pastes
were cured at room temperature for the first 24 h at 100% rel-
ative humidity and 23 ± 2 C. At the end of this moist curing
period, the cubes were, then, unmolded and cured in a water
container till the time of testing.
Techniques and apparatus
The chemical analysis of the marble powder waste as well as
the OPC was carried out using the X-ray fluorescence (XRF)
technique in which a Philips Spectrometer PW 1400 using
Rubidium Rb-k/ radiation at 50KV and 50 mA has been
used. The samples were ground to pass a 75 lm sieve and pel-
lets were prepared by the pressed method using the manual
press machine at 20 tons.
The crystalline phases present in the waste have been
identified using the X-ray diffraction (XRD) technique using
a Cu-k/ source. The thermal analysis (for carbonate content
determination) has been performed using a (DT-50) thermal
analyzer, Schimadzu. The particle size distribution analysis
of the marble waste has been carried out using a particle size
distribution analyzer, Horiba La 950. The compressive
strength measurements were carried out using 5 tons Bru¨f
pressing machine with a load rate 100 kg/min. The setting time
measurements of the pastes have been carried out following
the Egyptian Standard Specification (2421/1993)[1]. ForPlease cite this article in press as: H.A. El-Sayed et al., Characteristics of the marbl
suitability for cement manufacture, HBRC Journal (2016), http://dx.doi.org/10.101determining the alkalinity of the cement, the pH of a cement
extract has been measured. The extract has been prepared as
follows: 300gm of cement was shaken with 1000 ml of distilled
water for about 3hrs and then filtered. The filtrate represents
the cement extract.Result and discussion
Characterization of the marble waste
Chemical composition
Table 1 presents the composition of the marble sludge. It can
be seen that, the sludge contains more than 24% of water. It
can be, also, seen that, the CaO content of the marble powder
waste (obtained after drying the sludge) exceeds 55%. The
alkalis (Na2O + K2O) reaches 0.12%. The waste contains a
negligible Cl content 0.07% and 0.24 SO3
 content. It is
noticed that the iron content of Fe2O3 the waste, is very low,
0.06%.
Calcium carbonate content
The calcium carbonate content of the marble waste has been
determined using the method adopted by Alexander et al. [2]
by the thermo-gravimetric analysis (TGA) technique. Fig. 6
presents the thermo gravimetric analysis (TGA) of the marble
powder waste from which the carbonate content (CaCO3) has
been calculated as follows:e processing powder waste at Shaq El-Thoaban industrial area, Egypt, and its
6/j.hbrcj.2016.06.002
Table 1 Chemical composition of marble
sludge, wt.%.
Oxides Content (%)
SiO2 0.79
Al2O3 0.21
Fe2O3 0.06
CaO 55.42
MgO 0.25
SO3
 0.24
Na2O 0.10
K2O 0.02
P2O5 0.06
Cl- 0.07
SrO 0.04
L.O.I 42.28
Total 99.54
Humidity 0.506
Water content 24.360
4 H.A. El-Sayed et al.CaCO3%¼Wt LossðCaCO3Þð%Þ Mol:wt CaCO3=Mol wt CO2
¼ 42:827 100=44 ð1Þ
CaCO3content ¼ 97:337%
This result reveals that, the carbonate content of the marble
powder waste is considerably high (>97%).
Mineralogical composition
The crystalline minerals present in the marble powder waste
have been identified using the X-ray diffraction (XRD) tech-
nique. Fig. 7 shows that, the pattern confirms the results of
the chemical analysis where the waste seems to be composed
mainly of calcite mineral (CaO3).Fig. 6 Determination of CaCO3 content in marble po
Please cite this article in press as: H.A. El-Sayed et al., Characteristics of the marb
suitability for cement manufacture, HBRC Journal (2016), http://dx.doi.org/10.101Size analysis
Fig. 8 presents the particle size distribution pattern of the mar-
ble powder waste. The pattern reveals the following:
The median size (i.e. the value of 50% of the sample)
= 7.58 lm.
The mean size (i.e. the average value of the sample)
= 11.86 lm.
The mode size (i.e. the major diameter) = 8.24 lm.
These results illustrate that the marble powder waste is con-
siderably fine.
Utilization of the marble powder waste in cement preparation
Chemical and mineralogical analysis of the natural limestone
used in cement industry
To assess the resemblance in composition and structure
between the marble dust waste and the limestone traditionally
used in the cement companies in the neighborhood of Shaq El-
Thoaban area, samples of limestone were collected from the
three cement companies in the area i.e. the National Cement
Company, Helwan Cement Company and Torah Cement
Company.
Table 2 presents the average values of the oxides of the
limestone used in the three cement companies together with
a complete chemical analysis for the limestone used in the
National Cement Company. Also the analysis of the marble
powder waste from Shaq El-Thoaban area is included in this
table for comparison.
It can be seen that, the marble dust incorporates the main
components of the natural limestone and within the averages
used for cement industry where CaO reaches 55.42%,
SO3
< 1.0%, alkalis < 1.0% MgO= 0.25% and
Cl= 0.07%.wder waste by thermo-gravimetric analysis (TGA).
le processing powder waste at Shaq El-Thoaban industrial area, Egypt, and its
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Fig. 7 XRD pattern for the marble powder waste.
Fig. 8 Particle size distribution pattern of marble powder waste.
Table 2 Average oxide contents of the limestone in the three
cement companies in the neighborhood of Shaq El-Thoaban
area, content of the limestone used at the National Cement
Company and the content of the marble powder waste.
Oxides
%))
Average content in
limestone used in the 3
companies content
Limestone
content used in
National Cement
CO.
Marble
Powder
waste
content
SiO2 3–7 7.69 0.79
Al2O3 1–2 1.66 0.21
Fe2O3 0.5–1.0 0.71 0.06
CaO 45–55 47.13 55.42
MgO 1–3 1.81 0.25
SO3
 Max 1.0 0.86 0.24
Na2O Max 0.5 0.29 0.10
K2O Max 0.5 0.17 0.02
Cl Max 0.2 0.17 0.07
L.O.I 38–42 39.29 42.28
Characteristics of the marble processing powder waste and its suitability 5Also, Fig. 9 presents the XRD analysis for the limestone
used at the National Cement Company for cement Production.Please cite this article in press as: H.A. El-Sayed et al., Characteristics of the marbl
suitability for cement manufacture, HBRC Journal (2016), http://dx.doi.org/10.101It is evident that, in spite of the fact that calcite mineral,
CaCO3, is the main component, the contamination with
other minerals is high relative to the marble powder waste
(Fig. 7).
It is worth mentioning that, at Sudan Country, due to the
shortage in the natural sedimentary limestone deposits, cement
industry relies on using low–medium grade marble as a raw
material in cement manufacturing. Table 3 shows the chemical
analysis for the marble as a calcium carbonate source in
cement manufacturing at ‘‘Attbara Cement Company”,
Sudan. It can be seen that, the CaO content of that marble
(49.32%) is even less than the CaO content of the marble pow-
der waste at Shaq El-Thoaban area (55.42%). Also, Fig. 10
illustrates the XRD analysis for Attbara marble, in which
the calcite (CaCO3) is the main mineral constituting about
88% of the rock contaminated by other minerals such as dolo-
mite and quartz.
The foregoing results encouraged us to investigate the usage
of the marble powder waste from Shaq El-Thoaban industrial
area as an addition to Ordinary Portland cement (OPC) and
determining its physico–chemical and mechanical properties
of the cement.e processing powder waste at Shaq El-Thoaban industrial area, Egypt, and its
6/j.hbrcj.2016.06.002
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Fig. 9 XRD analysis for the limestone used at the National Cement Company.
Table 3 Chemical analysis (low-medium grade marble) used
in cement manufacture at Attbara Cement Company, Sudan.
Oxides Marble sludge
content
Low-medium grade
marble content
SiO2 0.79 5.55
Al2O3 0.21 0.81
Fe2O3 0.06 0.45
CaO 55.42 49.32
MgO 0.25 1.73
SO3
 0.24 0.14
Na2O 0.10 0.10
K2O 0.02 0.11
TiO2 – 0.03
Mn2O3 – 0.01
P2O5 0.06 0.23
Cl 0.07 0.02
L.O.I 42.28 41.50
Total 99.54 100.00
*Average of 13 samples [Collected by ASEC Company for Mining
‘‘ASCOM”].
6 H.A. El-Sayed et al.Marble powder waste additions to normal Portland cement
In Canada, the Canadian Standards Association, under CAN-
A5-M83, allows up to 5 wt.% additions of limestone to normal
Portland cement, so long as the limestone is of a quality for the
manufacture of cement [3]. Also, previous studies e.g. [4,5]
revealed that, a modest 3–5% addition of limestone to Port-
land cement clinker is acceptable, and it either increases struc-
tural properties of the concrete or has no effect. However,
some published articles showed the decrease of the physical
properties of Portland cement upon carbonate addition, and
of these changes is the shrinkage upon drying that could make
the cement unacceptable for construction applications [6]. It is
worth noting that, recently, several studies have been accom-
plished investigating the feasibility of using the marble dustPlease cite this article in press as: H.A. El-Sayed et al., Characteristics of the marb
suitability for cement manufacture, HBRC Journal (2016), http://dx.doi.org/10.101waste substituting a portion of the cement in concrete [e.g.
7,8] or a portion of the fine aggregate [e.g. 9,10]. But, a scarcity
of studies have been performed characterizing the marble dust
waste with the aim of determining its feasibility for usage in
cement industry [e.g. 11].
The quality and properties of the marble powder waste
from Shaq El-Thoaban area, could make it an ethical substi-
tute to limestone as an addition to Ordinary Portland cement.
Consequently, the current study investigated whether or not
there is a large variability in properties upon marble dust in
addition to OPC produced by the cement companies near Shaq
El-Thoaban or are there certain variables that must be con-
trolled in order to make the dust addition to OPC technically
appealing.
Chemical composition of OPC+5% dust. Table 4 gives the
chemical analysis of OPC in which 5 wt.% of its weight has
been replaced by marble powder waste compared to the con-
trol cement. It can be seen that, negligible variation in the
OPC composition has occurred upon incorporating 5 wt.%
marble dust wastes and the cement composition still complying
to the provisions of the Egyptian Standard Specifications for
cement (4756–1/2005) [12]. Siagi, et al. [13] indicated that, in
cements with a high C3A content, calcium carboaluminate,
C3A.CaCO312H2O, is formed and has either a positive or
no effect on cement properties. In cements with 2–6% C3A,
deleterious effects on cement properties may be observed.
The chemical analysis of Portland cement incorporating 5 wt.
% of the marble dust waste (Table 4) illustrates that the
cement is still keeping a high C3A content (6.96%).
Compressive strength properties. Fig. 11 illustrates the varia-
tion in compressive strength of hardened OPC paste in which
3%, 4% and 5% (M3, M4 and Ms) of its weight have been
replaced by marble dust waste up to ages 1, 3, 7, 14 and
28 days. It can be seen that, in all pastes the compressive
strength increases with the curing age from 1 to 28 days. Atle processing powder waste at Shaq El-Thoaban industrial area, Egypt, and its
6/j.hbrcj.2016.06.002
Fig. 10 XRD analysis of the marble used in cement manufacturing at Attbara Cement Company, Sudan.
Table 4 Chemical composition of OPC compared to the
composition of the cement incorporating 5% marble dust waste
(MDW).
Oxides Portland
cement (%)
Portland cement +
5% MDW (%)
SiO2 20.41 21.51
Al2O3 5.13 4.23
Fe2O3 3.29 3.11
CaO 62.16 61.77
MgO 2.53 2.41
SO3
 3.48 2.55
Na2O 0.37 0.45
K2O 0.19 0.19
Cl 0.05 0.05
L.O.I 2.03 3.54
Total 99.64 99.81
C3A 8.03 6.96
Ins. Res. 1.47 1.39
Characteristics of the marble processing powder waste and its suitability 7the same time, the compressive strength increases with the
increase of the dust content from 3 up to 5 wt.% It is of
interest to notice that, the strength of the hardened paste
incorporating 5% of the marble waste reaches, almost,
the strength of the control paste (M0) at the 28 days curing
age (835 kg/cm2).
Drying shrinkage. Fig. 12 shows the variation in the drying
shrinkage of the hardened cement paste in which 5 wt.% has
been substituted by marble powder waste relative to the con-
trol paste from 1 to 28 days. It is evident that, the two pastes
reveal almost the same drying shrinkage value after 28 days
of curing. Extending the curing age up to 56 days does not
alter the values reached i.e. 0.21% for the control paste and
0.22% for the paste incorporating 5% of the marble dust
waste. Consequently, the property that the opponents to the
addition of limestone to Portland cement are worry aboutPlease cite this article in press as: H.A. El-Sayed et al., Characteristics of the marbl
suitability for cement manufacture, HBRC Journal (2016), http://dx.doi.org/10.101(i.e. the drying shrinkage) is safe enough upon using the mar-
ble dust waste.
Setting time. Table 5 gives the initial and final setting times for
the cement paste incorporating 5 wt.% marble powder waste
relative to the control paste. It can be seen that, the waste
incorporation (5%) elongates both the initial and final setting
times by about 15% of the time attained upon using the dust–
free cement. Such physical property is the one that should be
taken into consideration upon using the OPC incorporating
5 wt.% marble dust waste.
It is worth mentioning that, this result is also, in favor of
the beneficial use of the marble dust waste in Portland cement
industry. Natural gypsum is used in the cement industry to
control the setting of the produced cement. The gypsum con-
tent to be ground with the clinker reaches about 7% of the
clinker amount. Therefore, the marble dust waste could
replace, at least, a portion of the used gypsum in Portland
cement industry and attaining acceptable setting times. This
conclusion could be confirmed by the work of Negro et al.
[14] who indicated that the partial substitution of limestone
for gypsum may be possible without harmful side effects. They
came to the conclusion that, up to 50% replacement of gypsum
was possible without adverse effects on the set, shrinkage and
compressive strength properties of Portland cement. At these
low levels, limestone, also, acts as an active component in
the cement hydration reaction. Also, Puchyr and Taborsky
[15] have shown that, cement ground with 2–5% limestone
has no decrease in physical properties.
Alkalinity. The foregoing results demonstrate clearly that,
Portland cement incorporation of 5 wt.% marble powder
waste has no adverse effects on the properties of the cement.
However, since this cement is supposed to be used in rein-
forced concrete, it has been planned to test the alkalinity of
the produced cement relative to that of control. The alkalinity
and hence the pH value, are the most liable to affect the cor-e processing powder waste at Shaq El-Thoaban industrial area, Egypt, and its
6/j.hbrcj.2016.06.002
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Fig. 11 Compressive strength of hardened Portland cement pastes incorporating 3%, 4% and 5% marble dust waste with curing time.
Control
Fig. 12 Drying shrinkage of the Portland cement paste incor-
porating 5% marble dust waste in comparison with the control
with curing time.
Table 5 Initial and final setting time for the Portland cement
paste incorporating 5% marble dust waste relative to the
control paste.
Cement paste Initial setting time (min) Final setting time (min)
M0 111 195
M5 129 224
8 H.A. El-Sayed et al.rosion behavior of the embedded reinforcing steel. Gouda,
et al. [16] have shown that, a pH below 11.5 for the medium
in the direct vicinity of the reinforcing steel will endanger the
steel passivity and steel corrosion will ensue.
As the cement is the material mainly responsible for the
concrete alkalinity, the pH value of the cement extract hasTable 6 Amount of OPC replaced by 5 wt.% marble waste in the th
area and the concomitant financial saving.
Cement Company Annual Cement
production (Million Tons)
Amount o
the marbl
Torah 3.0 150.000
Helwan 4.0 200.000
National 3.0 150.000
Total 10.0 500.000
* Savings due to replacing 5% of the cement by the marble waste = A
cement (550LE) (Year 2015).
Please cite this article in press as: H.A. El-Sayed et al., Characteristics of the marb
suitability for cement manufacture, HBRC Journal (2016), http://dx.doi.org/10.101been measured for the Portland cement incorporating 5 wt.%
marble powder waste relative to the control cement. These
measurements indicated that:
pH of Portland cement extract ¼ 12:83
pH of extract of Portland cement with 5 wt.% marble dust
waste replacement = 12.69.
These results indicate clearly that replacing 5% of OPC by
the marble powder waste will maintain the high alkalinity of
the cement with no adverse effect on the passivity of the steel
reinforcement.
Economic benefits
Based on the previous results – due to the huge amounts of
cement produced nowadays- the incorporation of a small
amount (up to 5%) of marble powder waste as replacement
for normal Portland cement or the gypsum used in cement
industry could be a very real energy and money saving con-
cept, besides, saving the natural resources and alleviating the
environmental impact.
As to the three cement companies in the neighborhood of
Shaq El-Thoaban industrial area, they could safely, add a
modest (5%) marble powder waste to their Portland cement
product and by controlling the properties of the produced
cement, they will be able to produce a product that is ethically
and economically viable. Table 6 presents an estimation for the
amount of cement that could be replaced by 5% marble dust
waste in the three cement companies and the financial saving
due to that substitution. The table shows that an amount of
about 500.000 tons/year of the marble dust waste will be
needed for such replacement. That will consume a considerableree cement companies in the neighborhood of Shaq El-Thoaban
f cement replaced by
e waste (5%) (tons)
*Cost of the replaced cement (savings
due to the replacement) (Million LE)
82.5
110
82.5
275
mount of cement replaced (5%) X cost of manufacturing 1 ton of
le processing powder waste at Shaq El-Thoaban industrial area, Egypt, and its
6/j.hbrcj.2016.06.002
Characteristics of the marble processing powder waste and its suitability 9amount of the waste generated during the marble processing at
Shaq El-Thoaban area. At the same time, the replacement will
ensure saving about 275 million LE/year for the cement indus-
try in the area.
Conclusions
1. The three cement companies in the neighborhood of Shaq
El-Thoaban industrial area could, safely, add a modest
(5%) of the marble powder waste to their product of
OPC and by controlling the properties of the produced
cement, they will be able to produce a product that is both
ethically and economically viable.
2. The marble powder waste amount needed as addition to the
OPC of three cement companies reaches about 500.000
tons/year. That will save about 275 million LE/year for
the cement industry near Shaq El-Thoaban industrial area.
3. The marble powder waste could, also, be ground with the
clinker substituting part of the gypsum used in cement man-
ufacturing and controlling the produced properties, partic-
ularly, with respect to the setting time.
4. Application of these results in the cement industry could be
a real energy and financial saving concept, in addition to
saving part of the natural resources and alleviating the envi-
ronmental impact imposed by the marble processing waste.
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